Abstract. The research aims to study the vibration isolation device using the elastic forces of the electromagnetic suspension. The optimum gain values of the signal feedback circuit, which minimize the impact of noise introduced by the elements of the active vibration isolation device, are determined. The possibility of developing the vibration isolation device with the control circuit coefficients found on the boundary of the stability region is considered. The paper provides the amplitude-frequency characteristics of a single-mass electromagnetic suspension.
Introduction
The consideration of additional loads (static, vibration, seismic), which can lead to structural instability [1, 2] or even destruction [3] [4] [5] , is relevant under the elevated static, mechanical and thermal loads. Nowadays, electromagnetic suspension systems are widely used in various fields of technology [6, 7] .
It should be noted that both Russian [8, 9] and foreign researchers [10] [11] [12] have succeeded in stabilizing the electromagnetic suspension in active vibration protection devices. However, these results cannot be considered as a basis for the development of universal facilities capable of choosing the optimum structural solutions for vibration isolation devices with due regard to the functional area [13, 14] . Further investigation of the optimization of the stabilization system for electromagnetic suspension is needed to obtain rational structural solutions of the object-oriented nature.
The research aims to determine the optimum parameters of the stabilization system under the law of change of the control voltage of the active vibration isolation device (AVID). With this, elastic forces of the electromagnetic suspension (EMS) are used to minimize the errors introduced by the elements of the vibration isolation device.
Methodology
In the general case, random disturbances affect the AVID that means that random signals will occur in sensors, voltage sources and electromagnets of the vibration isolation system [15] 
Variance is a measure of the scattering process ) t ( X around the average value. Take a minimum error variance introduced by the elements of the vibration isolation system as an optimization criterion. Determine the dependence of the selected criterion ex D on the stabilization system parameters α, β, γ.
Due to the limitations imposed on the system parameters α, β, γ with regard to a specific area of the steady operation of the vibration isolation device, the AVID optimization is performed using the method of nonlinear programming. Conditions for the stable AVID operation are as follows:
, a
, where R is the resistance of the EMS electromagnet winding; L 0 is the EMS inductance corresponding to the equilibrium point of the suspended body; m is the mass of the vibration-isolated object; a is a linearization coefficient of the electromagnet traction, which depends on the electromagnet current and relative displacement of the object raised to the power (-2); b is a linearization coefficient of the electromagnet traction, depending on the electromagnet current and relative displacement of the object raised to the power (-3) [16] [17] [18] .
Results and discussion

Choosing the active vibration isolation device parameters
Perform the system optimization to reduce the noise introduced by the voltage converter into the AVID supplied with a single-mass EMS. Assume that the noise is a stationary random process such as noise with zero mean and constant spectral density 0 S S u = . In this case, variance of the control voltage fluctuations is determined by the formula:
where u W is the closed-loop transfer function that relates the output value ) t ( δ to the noise introduced by the voltage regulator (Figure 1) . 
Expression (2) with regard to the transfer function (3) takes the form
Integrand (4) is a fractional rational function of the frequency ω . Thus, the standard integral with the known solution is used to determine the error variance eu D [19] . The standard integral for this case is written as
where ( ) 
Following the procedure of nonlinear programming, write Lagrangian function with regard to the limitations imposed on the system parameters 
Substituting relation (7) obtained for the variance into expression (10), we find the system of equations to determine the optimum values of the gains α, β, and γ, which ensure the fulfillment of condition (2): 
The optimum gain values obtained on the border of the system stability follow from the joint solution of equations (11) ; a Rb * = α ; a a bL
Therefore, we take the gain values based on the conditions of stable operation of the vibration isolation device.
Perform optimization of the considered AVID supplied with EMS to reduce the errors introduced by the position, velocity and acceleration sensors.
The optimization criterion is written similarly to (2) (14) Assume that the considered noise is a stationary random process such as white noise with zero mean and constant spectral density S d (ω)= S d0 =const. Then expression (13) with regard to the conditions and formula (14) is written as: 
Using the solution of the standard integral ( )
Optimum values of amplification coefficient
A comparison of the characteristics of Figures 2 and 3 reveals that the acceleration sensor installation onto the vibration-isolated object and introduction of the additional relation to the acceleration output value reduce the initial frequency value, which marks the beginning of the effective vibration isolation of the object, by several hertz. With regard to the imposed limitations, the optimum gain values α*, β* and γ*, reducing the effect of the sensor errors on the output signal circuit δ(t), are determined similarly to that of the error reduction from fluctuations in the supply voltage. 
Conclusion
The optimum gain values of the signal feedback circuit, which minimize the impact of noise introduced by the elements of the active vibration isolation device, are obtained on the boundary of stability. The vibration isolation devices, which control circuit coefficients are found on the boundary of the stability region, can be developed during the variable structure system design. Due to the fact that the system development implies a number of difficulties, the values of the feedback loop coefficients are to be selected on the basis of stable operation of the vibration isolation device and be close to the optimum values to design the vibration isolation devices with fixed structure. In this case, a suboptimal device is developed, but not the entirely optimum device of the active vibration isolation.
